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COMPLEX MECHANICAL SYSTEM WITH FOUR ROTATING RIGID 
SOLIDS 
 
PhD. Vladimir Dragoş TĂTARU     University “Valahia” of Târgovişte 
          Mircea Bogdan TĂTARU    University of Oradea 
 
 
Abstract: The paper presents a numerical method used for kinematical study of a complex mechanical system 
consisting of four rigid solids, each one of them performing a rotating motion around an axis passing through a 
fixed point. Each of the four solid rigid is connected to the frame by a joint. The four solid rigid are connected by 
three rigid rods. The movement of this mechanical system presents a special appearance namely that during the 
motion the system freezes (is blocking) at a certain moment. 
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1. Introduction 
 
We will consider the mechanical system in the figure below consisting four rotating 
rigid solids. Each rigid solid is bound by a joint to another element which is supposed to be 
fixed called frame. The four rigid solids are interconnected by three rigid rods. The rigid solid 
“1” is rotating around an axis passing through the fixed point “O1”. The angular speed of the 
rigid solid “1” is known. Further on we intend to study the mechanical system movement that 
is the movements of the rigid solids “1”, “2”, “3” and “4” as a function of time.                                                                                                                                                 
 
Fig.1 Complex mechanical system with four rotating rigid solids 
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2. Relationships determining between kinematical parameters of the rigid solids 
that make up the system of rigid solids 
 
Constraint relations between kinematical parameters of the rigid solids that make up the 
system are obtained by imposing the condition that the distances between the two connection 
points of each rod to be constant. Thus, imposing the condition that the distance between 
points A1 and A2 to be constant we obtain: 
                                   constant A A y y x x
2
2 1
2
A A
2
A A 1 2 1 2                                 (1) 
 
Doing  similar  with  the  pairs  of  points  (A2,  A3)  and  (A3,  A4)  we  will  now  get  the 
followings constraint raltions: 
      constant A A y y x x
2
3 2
2
A A
2
A A 2 3 2 3                                 (2) 
 
      constant A A y y x x
2
4 3
2
A A
2
A A 3 4 3 4                                 (3) 
 
Under differential form the relations (1), (2) and (3) will be written as followings: 
                        
                               0 y y y y x x x x
1 2 1 2 1 2 1 2 A A A A A A A A        
 
                        (4) 
 
        0 y y y y x x x x
2 3 2 3 2 3 2 3 A A A A A A A A        
 
                         (5) 
 
        0 y y y y x x x x
3 4 3 4 3 4 3 4 A A A A A A A A        
 
                         (6) 
 
Sizes involved in relationships (4), (5) and (6) have the following expressions: 
 
  2 2 2 2 O A sin A O x x
2 2                                                 (7) 
 
  1 1 1 1 A sin A O x
1                                                            (8) 
 
  2 2 2 2 A cos A O y
2                                                          (9) 
 
  1 1 1 1 A cos A O y
1                                                         (10) 
 
  3 3 3 3 O A sin A O x x
3 3                                                 (11) 
                                        
  3 3 3 3 A cos A O y
3                                                          (12) 
                                                  
  4 4 4 4 O A sin A O x x
4 4                                                 (13) 
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                                                     4 4 4 4 A cos A O y
4                                                          (14) 
                      
                          1 1 1 1 2 2 2 2 O A A sin A O sin A O x x x
2 1 2                                         (15)    
 
                          1 1 1 1 2 2 2 2 A A cos A O cos A O y y
1 2                                                  (16) 
 
                         2 2 2 2 O 3 3 3 3 O A A sin A O x sin A O x x x
2 3 2 3                                (17) 
 
                         2 2 2 2 3 3 3 3 A A cos A O cos A O y y
2 3                                                  (18) 
 
                         2 2 2 2 O 3 3 3 3 O A A sin A O x sin A O x x x
2 3 3 4                                (19) 
 
                         2 2 2 2 3 3 3 3 A A cos A O cos A O y y
3 4                                                  (20) 
 
             2 2 2 2 2 1 1 1 1 1 A A A A cos A O cos A O dt x x d x x
1 2 1 2                    

       (21) 
      
             2 2 2 2 2 1 1 1 1 1 A A A A sin A O sin A O dt y y d y y
1 2 1 2                   

           (22) 
 
              3 3 3 3 3 2 2 2 2 2 A A A A cos A O cos A O dt x x d x x
2 3 2 3                   

       (23) 
 
              3 3 3 3 3 2 2 2 2 2 A A A A sin A O sin A O dt y y d y y
2 3 2 3                   

        (24) 
 
             3 3 3 3 3 4 4 4 4 4 A A A A cos A O cos A O dt x x d x x
3 4 3 4                    

     (25) 
 
             3 3 3 3 3 4 4 4 4 4 A A A A sin A O sin A O dt y y d y y
3 4 3 4                    

       (26) 
 
In relations (21), (22), (23), (24), (25) and (26) the following notations are introduced: 
 
                                                   1 1 1 1 x 1 1 sin A O A O                                                        (27) 
 
                                                   1 1 1 1 y 1 1 cos A O A O                                                       (28) 
 
                                                   2 2 2 2 x 2 2 sin A O A O                                                    (29) 
                                                
                                                   2 2 2 2 y 2 2 cos A O A O                                                     (30) 
                                                  
                                                    3 3 3 3 x 3 3 sin A O A O                                                     (31)   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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                                                     3 3 3 3 y 3 3 cos A O A O                                                    (32) 
                                                     4 4 4 4 x 4 4 sin A O A O                                                   (33) 
                                                    
                                                     4 4 4 4 y 4 4 cos A O A O                                                   (34) 
 
Using the above notations the relations (21), (22), (23), (24), (25) and (26) will be 
written as followings: 
 
                                 2 y 2 2 1 y 1 1 A A A A A O A O dt x x d x x
1 2 1 2          

                     (35) 
      
                                  2 x 2 2 1 x 1 1 A A A A A O A O dt y y d y y
1 2 1 2         

                      (36) 
 
                                 3 y 3 3 2 y 2 2 A A A A A O A O dt x x d x x
2 3 2 3         

                     (37) 
 
                                  3 x 3 3 2 x 2 2 A A A A A O A O dt y y d y y
2 3 2 3          

                  (38) 
 
                                  3 y 3 3 4 y 4 4 A A A A A O A O dt x x d x x
3 4 3 4          

                  (39) 
 
                                   3 x 3 3 4 x 4 4 A A A A A O A O dt y y d y y
3 4 3 4          

                 (40) 
 
 
2.1 Relationship determining between kinematical parameters describing the 
motion of rigid solids “1” and “2”. 
 
Replacing  relations  (35)  and  (36)  in  relation  (4)  we  obtain  the  relation  between 
kinematical parameters describing the motion of rigid solids (1) and (2). 
 
          0 A y y x x
T
2 1 A A A A 1 2 1 2                                      (41) 
 
In relation (41) the marix [A] has the following mathematical expression: 
 
 
 
   
    




  

x 2 2 x 1 1
y 2 2 y 1 1
A O A O
A O A O
A                                               (42) 
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2.2 Relationship determining between kinematical parameters describing the 
motion of rigid solids “2” and “3”. 
 
Replacing  relations  (37)  and  (38)  in  relation  (5)  we  obtain  the  relation  between 
kinematical parameters describing the motion of rigid solids (2) and (3): 
 
          0 B y y x x
T
3 2 A A A A 2 3 2 3                                           (43) 
 
In relation (43) the marix [B] has the following mathematical expression: 
 
 
   
    





 

x 3 3 x 2 2
y 3 3 y 2 2
A O A O
A O A O
B                                                 (44) 
 
 
2.3 Relationship determining between kinematical parameters describing the 
motion of rigid solids “3” and “4”. 
 
Replacing  relations  (39)  and  (40)  in  relation  (6)  we  obtain  the  relation  between 
kinematical parameters describing the motion of rigid solids (3) and (4): 
 
          0 C y y x x
T
4 3 A A A A 3 4 3 4                                           (45) 
 
In relation (45) the marix [C] has the following mathematical expression: 
 
 
   
    





 


x 4 4 x 3 3
y 4 4 y 3 3
A O A O
A O A O
C                                                 (46) 
 
 
3. Differential equation determining describing the motion of the rigid solid “1” 
 
Rigid solid “1” rotates uniformly around the axis passing through the fixed point O1. The 
equation of motion for the rigid solid will be written as follows: 
 
                                                               constant 1 1                                                          (47) 
 
In relation (47) angular speed “ω1” is known with an arbitrary value. 
 
4. Differential equation determining describing the motion of the mechanical 
system 
 
Relations (41), (43), (45) and (47) form a system of four first order differential equations 
with  four  unknown  quantities  which  can  be  solved  using  numerical  integration  methods. 
Solving  this  system  of  differential  equations  we  obtain  the  values  of  the  four  angular   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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displacements β1, β2, β3 şi β4 from initial time to the blocking time.  
Variation in relation to time of the four angular displacements values is represented in 
the figure below (fig.2). 
If you wish to determine the size projections lengths of the three rods A1A2, A2A3 and 
A3A4 on the axes Ox and Oy then the differential equations expressed by the relations (35), 
(36), (37), (38), (39) şi (40) will be added to the differential equations system formed of 
differential  equations  (41),  (43),  (45)  şi  (47).  In  this  way  we  will  get  a  ten  first  order 
differential  equations  system  with  ten  unknowns  which  can  be  solved  using  numerical 
integration methods and we will obtain the values of the unknowns as function of time. 
Measurements values expressed by relations (27), (28), (29), (30), (31), (32), (33) and 
(34) can also be determined. 
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Fig.2 Angular displacements variation as a function of time 
 
5. Conclusions 
 
This paper presents the kinematical survey of a complex mechanical system consisting 
of four rotating rigid solids linked by a joint to the frame and interconnected by three rigid 
rods. The three rigid rods introduce three constraint relations between kinematical parameters 
of the four rigid solids describing the motion of the motion of the mechanical system. Thus 
we can say that the mechanical system has one degree of freedom. 
The motion of the mechanical system shown in the paper presents a more special aspect 
namely that the system is blocking at a certain moment. 
The numerical method presented in the paper can be used for kinematical survey of any 
other mechanical system including a mechanism. 
Mechanical system whose kinematical survey was performed in the paper is just one 
example to illustrate the application of the method. 
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